Whey is known to be a by-product of making cheese from bovine milk. Whey protein isolated from bovine whey was used as feedstuff for animal production. But when intact whey was given as drinking water, the growth of chickens was restrained. As a large amount of lactic acid in animal feeds reduced feed intake of chickens, lactic acid in intact whey might result in the suppression of the growth and feed intake of chickens. In the present study, therefore, intact whey was dialyzed to exclude small molecular compounds like lactic acid and orally administrated to chickens to examine the influence of dialyzed whey on the growth and nutrient absorption from small intestine of chickens. Body weight gain of chickens given intact whey was significantly lower than that of birds given tap water. Feed intake showed similar tendency to body weight gain. Body weight gain of chickens given dialyzed whey was not significantly different from that of the control group. When chickens were administrated glucose-amino acid mixture solution with intact whey, plasma cystine level of the intact whey group was significantly higher than that of dialyzed whey group. It was concluded that the exclusion of small molecular compounds by dialysis would be available to exclude the adverse effect of intact whey for the growth of chickens.
Introduction
Whey is known to be a by-product of making cheese and yogurt from bovine milk. It was reported that whey contained various growth factors . For instance, whey contained fibroblast growth factors (FGF) and transforming growth factor-β (TGF-β) (Conlon and Tomas, 2003) . A novel growth factor called by betacellulin, which is a member of the epidermal growth factor (EGF) family, was found in bovine whey and its peptide sequence was identified (Dunbar et al., 1999) . Some kinds of cytokines like interleukin-6 (IL-6), interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) Hisaeda et al., 2001) were also detected in bovine whey. Whey protein isolated from bovine whey including various growth factors has been attempted to use the supplement for cell culture medium instead of fetal calf serum. Belford et al. (1995 Belford et al. ( , 1997 reported that whey protein had the growth factor activity for all mesodermalderived cells including human fibroblasts, mouse fibroblasts and rat myoblasts. Whey protein also had the potency to elevate DNA synthesis and total protein content in osteoblastic cells (Takada et al., 1996) . Whey protein isolated from bovine whey was also ingested as a dietary supplement. Whey protein ingestion has been shown to effectively stimulate postprandial muscle protein accretion, which was resulted from the greater amino acid absorption and subsequent stimulation of de novo muscle protein synthesis in healthy old men (Pennings et al., 2012) . Whey is also used as feedstuff for animal production. But when whey was given as drinking water, body growth of broiler chickens was restrained (Shariatmadari and Forbes, 2005) . The compositions of whey were water (93-94%), lactose (4. 5-6. 0%), proteins (0.6-1.1%), minerals (0.8-1.0%), lactic acid (0.05-0.9%) and fats (0.06-0.5%), and the pH of whey was relatively low (pH 3.8-6.5) due to the presence of lactic acid (Prazeres et al., 2012) . When more than 30 g/kg of lactic acid was included in feeds, the acid reduced feed intake of chickens (Cave, 1984) . These results suggested that lactic acid in whey might suppress the growth and decrease feed intake of chickens. In the present study, therefore, whey was dialyzed to exclude small molecular compounds including lactic acid and orally administrated to chickens to examine the influence of dialyzed whey on body weight gain, feed intake and the absorption of glucose and amino acids from small intestine of chickens.
Materials and Methods

Experiment 1
In Experiment 1, daily water intake was measured to decide the volume of whey to be orally administrated to chickens in Experiment 2.
Newly hatched single comb White Leghorn male chicks were purchased from a local hatchery (Koiwai Farm Co. Ltd., Shizukuishi, Japan). They were allowed free access to water and a commercial chick mash (Toyohashi Feed Mills Co. Ltd., Toyohashi, Japan) for 9 days. All birds were raised in a chick brooder (Showa Furanki Co. Ltd., Saitama, Japan) and temperature was kept at 29℃ for the first week and then lowered progressively afterward. At 9 days of age, 5 chickens were selected and kept in metabolism cages for 1 day to adapt experimental environment. From 10 days of age, body weight, water intake, evaporation and room temperature were measured until 22 day of age. Daily water intake was calculated by subtracting the volume of evaporation from the volume of water drunk by chickens.
Experiment 2
In Experiment 2, the influence of intact and dialyzed whey on the growth performance and nutrient absorption from small intestine was examined.
Newly hatched single comb White Leghorn male chicks were purchased from a local hatchery (Koiwai Farm Co. Ltd.). They were allowed free access to water and a commercial chick mash (Toyohashi Feed Mills Co. Ltd.) for 9 days. All birds were raised in a chick brooder (Showa Furanki Co. Ltd.) and temperature was kept at 29℃ for the first week and then lowered progressively afterward. At 9 days of age, 18 chickens were selected and kept in metabolism cages for 1 day to adapt experimental environment. Experimental treatments were control, intact whey and dialyzed whey. Whey was obtained from a local cheese plant (Koiwai Farm Co. Ltd., Shizukuishi, Iwate, Japan). Whey was dialyzed in ultrapure water by using a semipermeable membrane (Seamless Cellulose Tubing, Shiraimatu Co. Ltd., Tokyo, Japan) at 10℃ for 2 days. The pH of dialyzed whey was measured and then frozen at −20℃. The content of lactic acid in intact and dialyzed whey was determined by a modified Barker-Summerson method (Brodan, 1965; Pryce, 1969) . Tap water was used as a control. The 5 mL of whey, dialyzed whey and water was orally administrated into the crop of chickens using a stomach tube in the morning (9:00) and afternoon (17:00) for 10 days. This volume was the possible volume to be orally administrated into the crop of chickens at once. At the end of experimental period, body weight and feed intake were determined. Then 1.25 M Glucose -10 mM amino acid mixture solution (Ito and Kita, 2013) was administrated into the crop with a stomach tube. Before oral administration, chickens were anesthetized with diethyl ether. At 20 min after oral administration, blood samples were taken from mesenteric vein. Blood samples were placed on ice and then centrifuged at 4℃, 10,000×g for 20 min. After collecting plasma, it was frozen and stored at −20℃ until analysis. After blood sampling, the weights of heart, liver, gizzard, large breast muscles, small breast muscle, leg muscle, jejunum and ileum were measured. The length of jejunum and ileum was also measured. Measurement of plasma glucose concentration was carried out according to the instructions of a commercial kit (Glucose C2 test, Wako Pure Chemical Industries, Inc., Osaka, Japan). Before measuring amino acid concentrations, plasma samples were mixed with an equal volume of 3% sulfosalicylic acid and stored at 4℃ for 1 h for deproteinization. Then, the samples were centrifuged at 4℃, 10,000×g for 10 min. The supernatant was taken and passed through a 0.22 μm membrane filter. Deproteinized samples were stored at 4℃ overnight. After membrane filtration was repeated, samples were set on an automatic amino acid analyzer (All Automatic Amino Acid Analyzer, JEOL Ltd., Tokyo, Japan). Animal care was in compliance with applicable guidelines from the Iwate University Animal Care and Use Committee.
Statistical Analysis
Results are expressed as means±SE. Statistical analysis of data was performed by one-way ANOVA and Tukey's HSD test for multiple comparisons (P＜0.05) using the General Linear Model Procedures of SAS (SAS/STAT version 6) (SAS Institute, 1999).
Results
Experiment 1
Time course change in daily water intake was represented in Fig. 1 . There was no significant difference in daily water intake during experimental periods and the average daily water intake was approximately 0.20 ml/g body weight/day.
Experiment 2
The values for pH were 4.89 and 5.15 in intact and dia- lyzed whey, respectively. Body weight gain of chickens given intact whey was significantly lower than that of birds given tap water (control) ( Table 1) . Feed intake in the intact whey group tended to be lower than that of the control group (P＝0.094). The weight of ileum in the intact whey group was significantly higher than that in the dialyzed whey group (Table  2) . Weights of heart, liver, gizzard, large breast muscle, small breast muscle, leg muscle, jejunum and ileum were not significantly different among all experimental treatments (data not shown).
The influence of intact and dialyzed whey on the absorption of amino acids from small intestine is represented in Table 3 . When chickens were administrated glucose-amino acid mixture solution with intact whey, plasma cystine level was significantly higher than those of control and dialyzed whey groups. Plasma glycine level of the dialyzed whey group was significantly higher than that of the control group. Plasma proline level of the intact whey group was significantly higher than that of the dialyzed whey group. Plasma glucose levels were not significantly different among all experimental treatments (data not shown).
Discussion
As shown in Table 1 , body weight gain of chickens given intact whey was lower than that of birds given tap water. In addition, feed intake tended to be decreased by administrating intact whey. These observations were in good agreement with the previous findings reported by Shariatmadari and Forbes (2005) , which suggests that the suppression of body weight gain due to administrating intact whey would be resulted from the reduction in feed intake. When chickens were given dietary lactic acid at the level of more than 30 g/kg, feed intake was significantly reduced (Cave, 1984) . Similar reduction of feed intake was observed in chickens given diets including acetic acid or propionic acid (Pinchasov and Elmaliah, 1995) . In the present study, dialysis treatment of intact whey improved feed intake to the level of the control group (Table 1) , and the contents of lactic acid in intact and dialyzed whey were 3.62 and 0.00 mg/ml, respectively. As body weight gain tended to be improved in chickens given dialyzed whey compared to the intact whey group, the exclusion of lactic acid by dialysis would be available to exclude the adverse effect of intact whey for the growth of chickens. After dialysis of intact whey, the pH value of whey was elevated from 4.89 to 5.15. Regardless of successful removal of lactic acid from intact whey, the value for pH in dialyzed whey was still acidic. The reason why dialyzed whey showed acidic pH was not clear. This issue should be examined in the future.
In general, whey has the yellowish color which is caused by the presence of riboflavin (De Wit, 2001 ). After whey was dialyzed, yellowish color was vanished and changed to be clear. As the molecular weight of riboflavin is 376, dialysis could exclude chemical compounds with the molecular weight of less than 376. Average molecular weight of amino acids is approximately 110, and small molecular compounds like di-and tri-peptides were also be excluded by dialysis treatment in the present study. Marczak et al. (2006) found that oral administration of rapakinin, which is one of tripeptides (arginine-isoleucine-tyrosine), decreased feed intake by stimulating cholecystokinin (CCK) release from small intestine. This finding suggests that some kinds of small molecular peptides derived from whey proteins might suppress feed intake via CCK release from small intestine. Gilbert et al. (2008) reported that the abundance of PepT1 (peptide transporter 1) and EAAT3 (excitatory amino acid transporter 3) mRNA in the small intestine of broilers which were genetically selected by feeding a wheat-based diet was greater than that selected by feeding a corn-soy diet. This result indicates that the difference in dietary protein could regulate the gene expression of amino acid and peptide transporters. As shown in Table 3 , plasma cystine level of the intact whey group was significantly higher than that of the control group, and plasma proline level of the intact whey group was significantly higher than that of the dialyzed whey group. Recently, Bröer (2008) summarized the physiological characteristics of amino acid transporters, in which cystine can be incorporated by small and polar amino acid transporters (i.e. System A (SNAT2, SLC38A2; SNAT4, SLC38A4), System ASC (ASCT1, SLC1A4; ASCT2, SLC 1A5)), and proline can be incorporated by several types of amino acid transporters (i.e. amino acid transporter cationic 2 (SNAT2, SLC38A2), neutral amino acid transporter (B (0) AT1, SLC6A19), IMINO (SLC6A20), proton-coupled amino acid transporter 1 (PAT1, SLC36A1) and proton-coupled amino acid transporter 2 (PAT 2, SLC36A2)). In the chickens, cDNA sequences of SNAT2 (SLC38A2, GenBank Accession NM_001030741. 1), B (0) AT1 (SLC6A19, GenBank Accession XM_419056.3), IMINO (SLC6A20, GenBank Accession XM_418798. 2), PAT1 (SLC36A1; GenBank Accession XM_001233581.2) and PAT4 (SLC36A4; GenBank Accession XM_417200. 3) were cloned or predicted. But the influence of small molecular peptides derived from whey proteins on the expression of the above genes has not been examined so far. In near future, we need to investigate whether small molecular peptides derived from whey proteins could change the gene expression of transporters and the absorption of amino acids in the small intestine or not. 
